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a b s t r a c t
A nonlinear oscillator is established for the rotor-spun composite yarn spinning process.
The oscillating frequencies in vertical and horizontal directions are obtained approximately
using the variational iteration method. The condition for resonance is obtained. The
presented study sheds light on the optimal design of the system.
© 2009 Elsevier Ltd. All rights reserved.
1. Introduction
Rotor spinning has obvious advantages over ring spinning [1] and air-vortex spinning [2,3] in its high yarn output rate
and low production cost. The main disadvantage is, however, the relatively low breaking strength. The disadvantage may
be alleviated by combining staple fibers with a continuous filament yarn in the rotor spinning process.
Recently quasistatic and dynamic models for the rotor-spun composite yarn spinning process have been established
[4–6].We supposeOA to be the strand of fibers,OB to be the filament andOC to be the composite yarn, as illustrated in Fig. 1.
On the basis of the structure of the rotor, B and C are in a vertical line. Here we choose a control volume D, which is selected
in such a way that the center of mass coincides with the convergent point (O) of the strand of fibers, the filament and the
composite yarn. Here A(L− R,−h), B(L,−h), C(L,H − h), C0(x0, y0), C ′
(
x−L
y−(H−h) [y0 − (H − h)] + L, y0
)
,O(0, 0),O′(x, y).
ω is the angular speed of the rotor. L, h can be calculated using our self-contained theoretical model [6].
The equations of motion of the convergence point of the two strands in the x- and y-directions can be expressed as [5]
d2x
dt2
+ ω2xx+ A1x2 + B1y2 + C1xy+ E1y+ k1 = 0 (1)
d2y
dt2
+ ω2yy+ A2x2 + B2y2 + C2xy+ D2x+ k2 = 0. (2)
Here,
ω2x = −
1
M
{
− F(L2 + (H − h)2)−1/2 + FL2(L2 + (H − h)2)−3/2 − (L2 + h2)−1/2F2 + L2(L2 + h2)−3/2F2
+ (R− L)2((R− L)2 + h2)−3/2F1 − ((R− L)2 + h2)−1/2F1 + 12ω
2ρ1[(−L+ R)2 + h2]1/2
− 1
2
ω2ρ1(R2 − L2)[(−L+ R)2 + h2]−1/2 + 12ω
2ρ2(L2 + h2)1/2 + 12ω
2ρ2L2(L2 + h2)−1/2
− 1
2(−H + h)2ω
2ρy0(y0 − 2H + 2h)
√
L2 + (−H + h)2
(
1+ L
2(
L2 + (−H + h)2)
)}
(3)
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Fig. 1. Dynamic illustration of a rotor-spun composite yarn.
ω2y = −
1
M
{−F(L2 + (H − h)2)−1/2 + F(H − h)2(L2 + (H − h)2)−3/2
− F1((−L+ R)2 + h2)−1/2 + F1h2((−L+ R)2 + h2)−3/2 − F2(L2 + h2)−1/2 + F2h2(L2 + h2)−3/2
}
. (4)
Similar expressions can be obtained for A1, B1, C1, E1, k1, A2, B2, C2, D2 and k2.
2. Variational iteration method
Applying the variational iteration method [7–9], we can construct the following iteration formulae:
xn+1 = xn + 1
ωx
∫ t
0
sinωx(s− t)
{
d2x
ds2
+ ω2xx+ A1x2 + B1y2 + C1xy+ E1y+ k1
}
ds, (5)
yn+1= yn+ 1
ωy
∫ t
0
sinωy(s− t)
{
d2y
ds2
+ ω2yy+ A2x2 + B2y2 + C2xy+ D2x+ k2
}
ds. (6)
We begin with the initial solutions:
x(0) = A, x′(0) = 0, y(0) = B, y′(0) = 0.
x0 = A cosΩxt, (7)
y0 = B cosΩyt, (8)
whereΩx andΩy are the frequencies in the x- and y-directions respectively.
By the iteration formulae (5) and (6), we have
x1 = A cosΩxt + 1
ωx
∫ t
0
sinωx(s− t)
{
A(ω2x −Ω2x ) cosΩxs+ A2A1 cos2Ωxs
+ B1B2 cos2Ωy s+ ABC1 cosΩxs cosΩy s+ BE1 cosΩys+ k1
}
ds
= A cosΩxt + 1
ωx
∫ t
0
sinωx(s− t)
{
A(ω2x −Ω2x ) cosΩxs+
A2A1
2
(1+ cos 2Ωxs)
+ B
2B1
2
(1+ cos 2Ωys)+ ABC12 (cos(Ωx −Ωy)s+ cos(Ωx +Ωy)s)+BE1 cosΩy s+ k1
}
ds (9)
y1 = B cosΩyt + 1
ωy
∫ t
0
sinωy(s− t)
{
B(ω2y −Ω2y ) cosΩys+ A2A2 cos2Ωxs
+ B2B2 cos2Ωys+ ABC2 cosΩxs cosΩys+ AD2 cosΩxs+ k2
}
ds
= B cosΩyt + 1
ωy
∫ t
0
sinωy(s− t)
{
B(ω2y −Ω2y ) cosΩys+
A2A2
2
(1+ cos 2Ωxs)
+ B
2B2
2
(1+ cos 2Ωys)+ ABC22 (cos(Ωx −Ωy)s+ cos(Ωx +Ωy)s)+ AD2 cosΩx s+ k2
}
ds. (10)
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If the first iteration is enough, then we use the conditions
x′′(0) = −ω2XA− A1A2 − B1B2 − C1AB− E1B− k1 (11)
y′′(0) = −ω2yB− A2A2 − B2B2 − C2AB− D2A− k2. (12)
We can then determine the values ofΩx andΩy.
3. Resonance
From (9) and (10), we can obtain the resonance condition for the coupled oscillator (1) and (2), which reads
ωx = Ωy, ωx − 2Ωy, ωy = Ωx and ωy − 2Ωx. (13)
In the case ωy = Ωy, resonance occurs when ωx = ωy, or ωx = 2ωy. (14)
In the case ωx = Ωx, resonance occurs when ωx = ωy, or ωy = 2ωx. (15)
4. Conclusion
The conditions for resonance, which should be avoided in the rotor-spun composite yarn spinning process, can be easily
obtained using a variational iteration method.
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